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INTRODUCTION

The studies of the natural history and methods of controlling the starfish, Asterias
Sorbesi, were carried out under the provisions of a special appropriation by Congress
in 1935 for the purpose of providing aid to the oyster growers in protecting their crops
against natural enemies. Under the direction of Dr. Paul S. Galtsoff, In Charge of
Shellfisheries Investigations of the United States Bureau of Fisheries, the work was
conducted in Buzzards and Narragansett Bays, Long Island Sound, and lower Chesa-
peake Bay. Principal attention, however, was focused on Long Island Sound, where
depredations by starfish inflict great losses to the oystermen. The work in this sec-
tion was carried out by Dr. V. L. Loosanoff.

The authors are greatly indebted to the Connecticut Shellfisheries Commission for
Providing the State boat Shellfish to conduct field observations over the entire area of

1 Bullotin No. 31. Approved for publication Sept. 16, 1938.
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Long Island Sound, and in setting aside State land at Milford, Conn., for the construc-
tion of experimental tanks and the erection of a temporary laboratory building. To
Capt. E. Hoyt, of the Connecticut Shellfish Commission, belongs the credit for assist-
ance in performing three extensive surveys of starfish distribution in Long Island
Sound. The following persons, temporarily employed by the Bureau of Fisheries,
also participated in various phases of this investigation: Dr. Kenneth S. Rice, J. J.
Hellewell, H. A. Kumin, O. K. Fletcher, Jr., and G. Mishtowt were engaged in survey-
ing starfish distribution in Buzzards and Narragansett Bays; J. Lucash, R. B. Burrows,
J. Lipsett, E. Larson, J. Piatt, A. Kammeraad, R. Naumann, and J. B. Engle carried
out various observations on distribution and biology of starfish in Long Island Sound
and the lower Chesapeake Bay. In presenting the results of the present investiga-
tions it appeared desirable to utilize some of the unpublished material obtained in
1929-32 by Louise Palmer, at that time employed by the Bureau. Her observations
and experiments are indicated in the text.

GENERAL APPEARANCE, DISTRIBUTION, AND DESTRUCTIVENESS
OF STARFISH

Asterias forbesi (Desor), (fig. 1), the common starfish of the Atlantic coast, is
characterized by five stout, almost cylindrical, blunt rays or arms beset with coarse
spines. Occasionally, abnormal individuals are found with 4, 6, or 7 rays. Between
the bases of two of the rays on the aboral surface is situated a bright-orange madre-
porite, a peculiar skeletal plate pierced by numerous openings through which the sea
water may enter the water-vascular system. The pedicellariae, or minute forceps-
like appendages scattered over the surface of the body, are broad and rounded. The
color of the animal is extremely variable; the most common shades are orange and
purple, but greenish-black and brown individuals are occasionally found. The purple
starfish, Asterias vulgaris Verrill (fig. 2), another common species inbabiting the inshore
waters, is characterized by its flattened and pointed rays; long and pointed pedicel-
lariae; numerous spines forming a noticeable longitudinal row on the aboral surface
of each arm; and pale-yellow madreporite. Because of the great variability in color
of the body, shape of the arms, and arrangement of spines, it is not always easy to dis-
tinguish the two species. Coe (1912) considers that the most reliable characteristic
which permits a correct identification is found only in the shape of the major pedicel-
lariae; very broad and rounded in A. forbesi and long and pointed in A. vulgaris.

According to the personal communication of Austin Clark, Curator of Echino-
derms, United States National Museum, the range of distribution of A. forbes: extends
from Penobscott Bay, Maine, south to Lower Matecumbe Key, Fla., and to Pensa-
cola, Fla., in the Gulf of Mexico. This form is most abundant from Cape Cod t0
Virginia, becoming local north of Cape Cod and is usually not common south of Vir-
ginia. It is found in shallow water from the shore line to 30 fathoms, being most
numerous in the littoral zone.

A. vulgaris occeurs from Labrador to Cape Hatteras, N. C., from the shoreline dow?
to 167 fathoms. This species is common in water of moderate depth, but south of
Long Island Sound is not found along the shore. In Casco and Penobscot Bays
Maine, and in waters of Massachusetts, Rhode Island, Connecticut, and New York
both species are found along the shoreline, but A. vulgaris chooses deeper and cooler
water and therefore is rarely found in the shallow places at the heads of the bays preé-
ferred by A. forbesi. The difference is clearly shown on charts 48 and 49 of the distrl”
bution of these species in Vineyard Sound and Buzzards Bay (Sumner, F. B.; Osbur?;
R. C.; and Cole, L. d.; 1913).
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FIGURE 1.—Asterias forbesi, Desor. Dried specimen from Menemsha Bight. Diameter 8 inches.
Collection of the U. S. National Museum.

FIGURE 2.—Asterias vulgaris, Verril. Dried specimen from south of Marthas Vineyard. Diameter
814 inches. CQollection of the U. S. National Museum.
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Since the beginning of oyster culture in the United States, in 1845, the starfish
has been regarded as one of the most destructive enemies of shellfish on the Atlantic
coast. By far the greater part of the loss caused by this animal is borne by the oyster
growers, who often find their transplanted stock annihilated and their seed oysters
destroyed by starfish. Only through most watchful and persistent vigilance can
this pest be kept in check. The gravity of the injury to the oyster industry was
recognized by the Connecticut General Assembly which, in 1901, passed a law for-
bidding, under penalty of fine and imprisonment, the deposition of starfish in the
navigable waters of the State. A correct estimate of damages inflicted by this enemy
is difficult to make for it should include the potential value of the lost young oysters
as well as the loss of marketable mollusks and the cost of protecting the bottoms.
Unfortunately such an estimation is at present impossible, but a good idea of the
destructiveness of the pest can be gained from the statements found in the reports
of the Connecticut Shellfisheries Commission and from the records of individual
oyster companies operating in Long Island Sound and Narragansett Bay. Collins
(1891) states that the direct damage done by starfish in Connecticut waters amounted
to $463,000 in 1887, $631,500 in 1888, and $412,250 in 1889. At present, according
to the opinion of the leaders of the oyster industry, the destruction of starfish in Long
Island Sound probably runs into several hundred thousand bushels of oysters annually.
Thus, for example, Mr. Howard W. Beach, manager of the F. Mansfield & Sons
Oyster Co.-and president of the Oyster Growers and Dealers Association of North
America, in his letter to Dr. Loosanof!, states:

My estimate is, that since 1921 not less than 500,000 bushels annually have been destroyed. If
these oysters had grown to market size, they would have had a value of $500,000.

In addition to the direct monetary loss caused by the destruction of marketable
oysters, the industry is compelled to spend a large sum of money for starfish-boat
operation, handpicking of starfish on dredge boats, and their destruction by all other
methods. According to Mr. Gordon Sweet, general manager of the H. C. Rowe
Oyster Co.:

The average overhead and direet cost of operating a boat to fight starfish is not less than $35
4 day on Long Island Sound. If we should assume that 20 such boats operated 200 days a year,

you would have a total annual charge of $140,000. I do not consider that this estimate is excessive.
I am including the interest on capital invested, depreciation, and other indirect charges.

Mr. Howard W. Beach supports this statement by stating in his letter:

Since 1931 our firm has spent for boat and labor to cateh starfish a minimum of $10,000 per
Year. Supplies, repairs, and depreciation of equipment would bring the cost up 50 percent, i. e.,
to $15,000 per year. In view of our costs, I estimate that the industry of Connecticut expends
directly for fighting starfish an average of $100,000 to $150,000 per year.

Statements received from nine large oyster companies in Narragansett Bay show
that each of them, during 1929-32, spent from $2,000 to $10,000 per year to catch
starfish. These figures do not include repairs and deprociation of equipment and no
attempt was made by the Rhode Island oystermen to estimate the loss due to destruc-
tion of marketable oysters. According to observations of the senior author in 1931-32,
the starfish were so abundant on oyster bottoms in Narragansett Bay that the dredge
dragged over the infested bottoms would often bring more starfish than oysters.
The intensity of infestation can be judged by the data obtained from one company
which kept complete records of dredging operations on 1,500 acres of oyster bottoms
leased in Narragansett Bay. In 1931 as many as 6,987,650 starfish were removed
from this small area. In other years starfish have been even more numerous, since
the same company caught and destroyed almost twice as many in 1929,
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The scallop, another valuable mollusk of the Atlantic coast, suffers greatly from
the attacks of starfish. It is interesting to note that in spite of its free living habits
and ability to swim, it becomes an easy prey of the sluggish starfish. Thus, in 1931,
the natural scallop grounds of Buzzards Bay were seriously depleted through starfish
depredations. The Massachusetts Division of Fisheries and Game reported that the
value of the scallop industry in this bay shrank from $795,000 in 1929 to $142,000 in
1931, and that the number of persons employed by the industry decreased during
this same period from 1,212 to 839. The greater part of this depreciation was
attributed by the State authorities to the gradual increase in starfish population,
which reached its maximum in 1930 and 1931. In 1932 the Massachusetts State
Legislature, recognizing the gravity of the situation caused by the presence of the
tremendous number of starfish in Buzzards Bay, appropriated $15,000 for their
extermination. During the 3-year period, with the aid of State and C. W. A. funds,
203,590 bushels, or more than 60 million starfish, were removed from the waters of
Buzzards Bay and eastern Vineyard Sound, at an average cost of about 22 cents per
bushel. This activity resulted in a noticeable decrease in starfish population in Cape
Cod waters.

Experience of the oyster growers in Long Island Sound, Narragansett and
Buzzards Bays indicates that the density of starfish population undergoes considerable
fluctuation from year to year. A good example of these changes over a period of 17
years is shown by the data prepared by the Narragansett Bay Oyster Co., which
operates & steamer continuously for the sole purpose of destroying starfish (table 1).
During this period there was no significant change either in the practice of combating
starfish or in the extent of oyster bottoms held by the company.

TasLE 1. —S8tarfish destroyed by the Narragansett Bay Oyster Co., 1921-38

[Ten average starfish equal 1 pound]

Year Pounds Ycar Pounds Year Pounds

29, 270 172, 636 149, 445
1) 232, 201 10, 0600

11,125 1,300, 195 10,476
200, 900 807, 674 13, A84
101, 280 698, 665 13,175
108, 740 479, 515 114, 530

1 Too few to weigh, * For January 1038 only.

Oystermen usually refer to a sudden increase in starfish over the oyster bottoms
as an “invasion.” It was one of the purposes of this investigation to determine
whether the invasions are due to actual migrations of starfish or should be attributed
to the increased rate of propagation and survival of the local stock. An answer to
the question can be obtained by comparing the results of several surveys of starfish
populations in Long Island Sound and Buzzards and Narragansett Bays undertaken
in the course of the present studies.

Since information received from the oystermen regarding the centers of starfish
infestations referred only to their own oyster bottoms, and was therefore incomplete
and often contradictory, it was necessary to undertake a survey of the inshore areas
using uniform quantitative methods of collecting and covering the entire region regard-
less of the character of the bottom. It was expected that comprehensive surveying
repeated during various seasons of the year would provide reliable data on the distri-
bution of Asterias forbesi and other species of starfish in relation to environmental
conditions and would permit, with a certain degree of accuracy, the determination
of the extent of seasonal or other types of migrations,
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The procedure used throughout this investigation was invariably as follows:
Stations were arranged at frequent intervals from 1 to 3 miles apart, depending on
local conditions. Upon reaching a station the boat was brought to a stop and a
sounding taken. The bottom temperature was recorded with a reversing thermometer
and a sample of water for salinity determination was obtained by means of a Greene-
Bigelow bottle lowered to within 3 feet of the bottom. The samples were later
titrated with a silver-nitrate solution according to Knudsen’s method. A regular
scallop dredge or scraper, 28 inches wide, was lowered overboard and towed at uniform
low speed until an eighth of a mile, determined by log reading, had been traversed.
The dredge was then raised, the type of bottom recorded, and all the starfish caught
in the dredge counted and classified according to species and size. From 6 to 12
animals were opened and their sex glands examined and preserved for further studies.

Additional pH observations of the water were frequently made and in many
instances plankton samples were collected. All laboratory work was carried out at
the United States Fisheries stations at Milford, Conn., and Woods Hole, Mass.

DISTRIBUTION OF STARFISH IN BUZZARDS BAY

The distribution of the starfish population in Buzzards Bay was studied from
June 17, 1935, to April 29, 1936. During this period four surveys of the bay were
made on the following dates: June 24—July 9; September 10-18; December 2, 1935~
January 8,1936; and April 129, 1936. During the last survey, 11 stations, Nos. 4248,
50, and 52-54, were visited twice, at the beginning and at the end of the month.
During the first survey 66 sampling stations, approximately 2 miles apart, were
established over the entire area of the bay from the entrance of the Cape Cod Canal
to Cuttyhunk Light (fig. 3). In the December and April surveys 12 stations were
added, covering the area between Cuttyhunk Island and Sakonet Light, thus con-
necting the westerly limits of the area under observation with the easterly limits of
the Narragansett Bay survey. Due to adverse weather conditions only 7 stations in
this new area were visited in December and observations at 5 other stations were
successfully completed in April. Beginning with the third survey, in December, a
modification was made in the technique of collecting by adding a tangle attached
behind the bag of the dredge. The horizontal bar of the tangle was the same length
as the blade of the dredge. Therefore, in dredging, the tangle and dredge covered
the same bottom area. This method served to give more accurate infermation as
to the presence of starfish which might have been missed when the dredge was bumping
over a rocky bottom or had turned over in deeper water. All the recordsof starfish
taken with tangles were kept separate from those caught in the dredge. The results
of all the observations, showing the number of starfish caught at each station, arranged
in numerical order, are listed in table 2. The total number of starfish caught in the
dredge at all the stations was rather small. The first survey yielded only 215 starfish
and the following three surveys resulted in the capture of 328, 378, and 229 starfish,
respectively.

Although there was a noticeable increase in the number of adult starfish caught in
December 1935, they were much less abundant than one would have expected to find
in these usually infested waters. 'The scarcity of starfish in 1935-36 was undoubtedly
the result of the eradication activities carried out by State authorities during the
preceding years. (See Report of the Bureau of Marine Fisheries, Commonwealth of
Massachusetts, 1934.)
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A comparison of the results obtained with the dredge and tangle (table 2) shows
that the latter was about twice as efficient as the former, although, in a few instances,
as for example stations 15, 40, 42, and 52, made in December, the dredge yielded more
than the tangle. It has been noticed that in heavy weather, and when working over
rocky bottoms, the tangle was always more efficient than the dredge.

Throughout the year over 90 percent of the starfish population was found to be
confined to shallow water not exceeding 40 feet in depth. Occasionally a few single
specimens were found in deep water, occurring even at depths of over 100 feet, but
the number of starfish caught below 40 feet constituted only 8.8 percent of the total
annual catch. Within the upper 40-foot zone, 55.4 percent of starfish were collected
at depths not exceeding 20 feet. The negative correlation between the depth and
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FIGURE 3.—Distribution of starfish in Buzzards Bay, June 24-July 9, 1935. The abundance of starfish is shown by black stars, the
diameters of which are proportional to the number of animals per 1,000 sq. meters. Figures in circles indicate station numbers.
Dotted lines are bottom isotherms and solid lines are bottom isohalines.

abundance of starfish (table 3) is shown by the decrease of their total number with

the increase of depth, as well as by the decrease in the average number of starfish

per station.

The starfish were almost equally abundant on hard, rocky, sandy, and soft
bottoms containing shells and living mollusks (table 4). The fact that they were
scarce on muddy bottoms, lacking a population of mollusks, but were abun-
dant on the same type of bottom where mollusks were present, indicates that the
presence of food rather than the character of the bottom is the controlling factor of
their distribution. This undoubtedly explains the concentration of starfish in the
inshore areas, for both cultivated oyster bottoms and natural oyster beds are located
in Buzzards Bay close to the shoreline.
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TABLE 2.—Number of starfish caught by dredge (D) or tangle (T) af each station in Buzzards Bay,

1935-36
Sta- Number of starfish caught Sta- Number of starfish caught
tion ID e[pt}:l Bottom tion _Defpt};l Bottom
No. n (ee No. in fee
June |Sept.{ Dec. Apr. June [Sept.| Dec. Apr.
D D |D|T|(D}| T D D |D|T{D|T
1 0 0] 0|21 0 ] 43 20 | Soffooceeeeaae 0 11 2| 41 9 5
2 0 0{ 0] 2] 0 0 41 20 |..___ 1| 4 b 7| 32
a 1 0 2|89 8 1 45| 13 |- 1161220 6
4 3 11 017 2¢{ 79 461 14 ... 01 1| 3|15 b
5 10 o1 of 2( 0y 11 471 14 |..... 0 9|1 8] 2 0
6 0 0, 0| 41 0 1 8 13 [ 3| 61 41 8 3
7 1 0 3 511 13 49 1 6[10| O [
8 0 07 0] 070 0 50 31161 8] 38 4
9 0 0] 0| 0 O 1 51 4 271 1 [l
10 0 41 0] 4( 1 3 52 19427127 5
11 2 5| 6| 8] 3| 24 53 111 0] 6 b
12 2 3[(23134] 6| 26 54 210 0¢ 0 2
13 2] 125 21 6%t 9 i3 56| 26| Roeky oo feeanet cjojof o 2
14 0 121 5118117 b 56 01 0} 0} 4 5
15 25 10{63]36}31| 36 57 210101 0 0
16 4 21 016} 1 13 58 1 1{ 0} 0 2
17 5 141 0} 11 0 6 59 41 7171 0] 45
18 0 ol o} 7] 0 ] 60| 48 ) Soft. e |eaeea 21 011 0 0
19 0 o 0] 0f O 2 611 108§ RoOKY coomaomoo]|onmnes 0 0f 41 0 1
20 0 0] 0]l 0] O 0 62 3| 2112 0 1
21 1 0] 01 0] O 1 63 18 Sand. e[ 0 0
22 0 0] 0] 0] 0 2 64 59 0 0
23 0 0] 2|11] 9 4 85 66 | Hard--eecueeece|ocnn-n 0 0
24 0 1 1 6l 2 4 66 16 |..o.doo . 0 0
25 0 111 71 0 0 67 31 | ROCKY oo eme s 0 1
20 14 0} 1| 4710 2 63 48 f_dooo o [eeeaoo 0 0
27 0 0] 3| 1] 0 5 69 48 1 Hard. . cocccnrac]eamcnan [ 0
28 9 0 9121 8 9 70 54 | RockY e ooo]aneane 0 0
29 7 1] 11 1] 0 1 71 54 | Hard.ceeeeovooo]aenas 0 0
30 0 3111010 0 2 PR PTG RN [
31 0 0] 0] 0] O 1 T [ PRI I J PO
32 8 101 0| 6 3¢ 23 i 3 PSSO S EUUSRI RN R PR
33 0 0| 0] 4 0 2 75 68 § Boft. ..ol 0 0
34 2 1 1120/ 1 10 76 59 |oceedO [ 0 0
- 35 0 1 31161 0 1 77 54 0 0
36 0 41 3 1( 0 3 78 70 0 1
37 0 16} 1|18 0O 0 70 70 [ 3
38| 9] ROCKY.cooeooee]enanes oy 1] 00O 2 80 80 0 0
39 0 10 oo f-.--] O 8 81 45 0 0
40 1 2128 |14 (11| 10
41 3 15(10| 6116} 13 Total. oo 215 | 328 [378 |601 (229 | 478
42 20 17441187 9| 14
TaBLe 3.—Siarfish caught at various depths in Buzzards Bay, all surveys
Number | Number | Percent I\(])'}l;lgge_r Number | Number | Percent No}lgg;)re.r
Depth in feet ofsta- | ofstar- | of total | o an Depth in foet ofsta- | ofstar- | of total | 40" 0.
tions fish cateh station tions fish catch station
1-20 29 1,233 56. 4 42,5 4 4 0.2 10
214 22 796 35.8 36.2 0 0 0 0
41-60_ 22 188 8.4 8.5 1 5 152 DR

TasLe 4,—Distribution of starfish in Buzzards Bay in relation to the character of the bottom

Number of Number Number per
Type of bottom stations caught Porcent station

28 799 35.9 28.5
26 788 36.4 3L.6
14 461 20.7 32.9

5 129 5.8 25.8

[ 49 2.2 8.2
78 2,226 1000 feooooiooos

DISTRIBUTION AND SIZE OF STARFISH

Specimens collected at each station were measured by orienting the animal on
the measuring board in such a way that readings could always be made between the
148340—39——2
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tip of the arm on the left side of the madrepore and the tip of the fourth arm from it,
counting in clockwise direction. In order to determine the reliability of a single
measurement, the distance between all opposite arms was measured in 353 specimens
in all possible ways. It was found that 30.3 percent measure the same all five ways
and 61.4 percent measure the same three ways. In the remaining 8.3 percent there
was a difference in each of the combinations which did not exceed one-half centimeter.

In order to make a comparison between the different sections of the bay the
stations are combined into four areas as indicated in figures 3, 4, 5, and 6 by heavy
dotted lines. The Woods Hole section comprises all the stations southeast of the line
between the entrance to the Hole and West Island; the Bay proper area extends
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Figure 4.—Distribution of starfish in Buzzards Bay, Sept. 10-18, 1935. Figures abovs circles indicate bottom temperatures. Other
legends same as those in Fig. 3

northwest of the northern boundary of the preceding section as far as the Cataumet-
Blake Point line; the Head of the Bay area comprises the uppermost section of the
bay, including important oyster bottoms near Onset and Wareham; the New Bedford
section covers a small inshore territory north of the line between Ricketson Point
and the end of Mattapoisett Neck.

Despite the general scarcity of starfish in 1935 and 1936, which made impossible
a detaled study of their growth in different sections of the bay, the results of four sur-
veys consistently show that throughout the year the population in the inshore areas
at the head of the bay consisted of the largest starfish. This fact becomes noticeable
by observing the mean and median sizes of starfish (see table 5) in four different sections.
Because of the unsymmetrical frequency curves (seo fig. 7) the changes in the median
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are particularly significant. Although there may be some doubt regarding the
reliability of the data obtained in June because of the use of traps,? in which great
numbers of starfish were collected at Woods Hole, the fact that the larger starfish
are more abundant in the inshore areas is well substantiated by the results obtained
during three other surveys. In September the starfish were collected only by dredging
and in December and April both dredge and tangle were used. The latter was
necessary for catching small starfish, of less than 3 c¢cm. in diameter, which would
escape the dredge.
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TaBLe 5.—Mean and median sizes of starfish collecied in Buzzards Bay

Sep- De- Sep- De-
June texg- cem- April June tem- cem- | April
ber ber ber ber
00DS HOLE NEW BEDFORD
Maan_ oo B 4903 620/ 3 3.91 || MeaD.. - _w.oo.. 11.23 .12 7.70
Standard deviation. 1.62| 2.86| 2.66 2.41 || Btandard deviation 2.06| 3.05 4.48
Tobablo error L1l 1.02 1.80 1.62 || Probable error. ... 139 2.06 3.02
edlan ... ________ 5.05 7.00 2,60 3.23 || Median. - 11.33 6.16 7.10
L. HEAD OF BAY
Moan_ AT PROTER 7.35| 672| 6.38| 6.17| Moan. .. e . 0.25 | 10811 10.48
Standard doviation. 2,19 1.04 2,968 2.24 || Standard devintion.. X 3.7 3.13 3.49
robable error..... 1,47 1.10 1.99 1.51 || Probable error.._.._ - . 2. 54 2.11 2.35
At} 1151 7.18 7.06 6.25 5.90 {| Modian . ee e 3 872 10.11 10.00

! These wire bag traps filled with shells and small oysters were set for catching drills and apparently attracted starfish, For
d°50ription of method of trapping sco: Qaltsoff, P, 8., H. F. Prytherch and J. B. Engle. Natural history and methods of controlling
the common oyster drills (Urosalpinx cinerea Say and Eupleura caudata Say). DBureau of Fisherles Oircular No. 25, 1937; 1-24.
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A study of the frequency distribution of starfish in four sections of the bay
(fig. 7) presents some interesting biological points. The predominance of large
animals at the head of the bay, clearly shown by their median size (table 5), may be
attributed either to their migration from the offshore areas or to the higher rate of
growth in the shallow waters. Unfortunately, the size of a starfish is not an accurate
indication of its age, for its growth varies considerably depending on the amount of
food consumed. Observations of Mead (1901) in Narragansett Bay and at Woods
Hole show that under favorable conditions young starfish, 4 months from the time of
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setting, may attain a length of 5.4 cm. measured from mouth to tip of arm; more than
10 em. in diameter if measured according to the method used in this work. This is
more than twice the length of many of the animals which were found by Mead just
before the beginning of the breeding season. According to his estimate the larger
year-old starfish in the early summer would be about 13 cm. in diameter. In view of
these observations it appears more reasonable to attribute the difference in size of
starfish in various sections of Buzzards Bay to differential growth rate rather than to
their migrations.

Small starfish comprising the greatest part of the population in the Woods Hole
region in December and April and not found in such an abundance in the summer
and fall are probably the young animals less than 1 year old (fig. 7). One can notice
that their growth during the winter is very slow. The frequency curves of starfish
population at the head of the bay in December and April (fig. 7) show bimodal distri-
bution. It is very probable that the 8-9 cm. class, which makes the first peak of the
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April curve, is formed by starfish less than 1 year old and that the 13-cm. class,
responsible for the second maximum, comprises older animals.

There was a noticeable decrease in the number of larger animals in the New
Bedford section from September to December and at the head of the bay from Decem-
ber to April, which apparently was the result of eradication efforts.

Throughout the year the majority of starfish were confined to the areas where
food was most abundant. During the year there was no sign of any extensive migra-
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FIGURE 7.—Frequency distribution of size of starfish in four sections of Buzzards Bay.

tion from shallow water to deeper levels or vice versa, the inshore areas of the bay
always being more densely populated than its deeper parts. There were, however,
some seasonal changes in the abundance of starfish at various inshore stations (figs.
3,4,5and 6). In order to obtain comparable data, only the starfish caught by dredg-
ing were considered in preparing these charts and the number of animals collected by
tangle in the last two surveys was disregarded. No doubt some of the changes ob-
served in the distribution of starfisb during the four consecutive surveys were due to
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their limited local wanderings. One must also bear in mind that throughout the
period of observations, especially during the summer months, extermination of starfish
by dredging and mopping was intensively carried out under the supervision of the
State Conservation Department, and oystermen were paid bounty for every bushel
of starfish delivered to the State officer. This unusual activity probably accounted
for a decrease in the number of starfish in the vicinity of Onset at Wareham, at the
head of the bay, in September (fig. 4). Their increase in December (fig. 5) coincided
with the temporary respite in dredging operations during the fall. In April this section
was visited twice, between the 10th and 16th when the temperature ranged from 6.2°
to 7.8° C., and again between the 18th and 29th. During the latter part of-the
month the water temperature varied from 8.2° to 11.4° C. The noticeable increase
(table 6) in the number of starfish found at stations 42, 46, and 52, suggests local
migration of animals from nearby areas. No significant change occurred, however,
at other stations. This indicates that there was no general redistribution of starfish
in the bay.

TABLE 6.—Number of starfish per staiion caught in dredge and tangle at the head of Buzzards Bay,

April 1936
April 10-15 April 18-20
Station No.
Dredge | Tangle Total Dredge | Tangle Total

9 14 23 56 30 04
9 5 14 10 3 13
7 32 39 2 18 20

20 (] 26 156 2 17

156 5 20 10 20 30
2 0 2 1 1 2
2 3 b 1 0 1
3 4 7 4 3 7
2 1 3 -

27 5 32 49 46 95
6 5 11 3 b 8
2 1 3 b 1 [i]

From an analysis of the distribution of starfish, disclosed by the results of four
consecutive surveys, it is evident that there was no mass migration in Buzzards Bay
and that the changes in abundance observed at various stations were due to the
redistribution of the local stock. There was no evidence of the existence of a large
starfish population in the open sea outside the bay. From these observations & con-
clusion is drawn that natural annual fluctuations in abundance of starfish are not
“invasions,” as the oystermen are accustomed to call them, but are due to the increase
or decrease in the rate of propagation and survival of local population.

DISTRIBUTION IN RELATION TO TEMPERATURE AND SALINITY

During each of the surveys a record was taken of the bottom temperature and
salinity of the water. The data show that neither of the two factors affects the
distribution of starfish in the bay. In June (fig. 3) there existed a marked tempera-
ture gradient from the mouth of the bay (16.5° C.) toward its head (23° C.). In
December (fig. 5) the situation was reversed, for the temperature at the entrance of the
bay remained around 7-8° C., whereas in the shallow water of the bay it ranged be-
tween 6.2° C. and 1.1° C. In September (fig. 4) the temperature was more or less
uniform throughout the bay, varying between 17.6° C. and 20.2° C. and showing no
distinet horizontal gradient. Almost homothermic conditions were found again in
April (fig. 6), when the temperature ranged between 5.8° C. and 7.8° C. The differ-
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ence in temperature at various stations observed during the fall and spring should be
attributed to daily temperature fluctuations rather than to a definite temperature
gradient in the bay.

The salinity of Buzzards Bay water remains nearly constant throughout the
year. There is a definite salinity gradient from 23.0 parts per mille at the lower part
of the bay to 30.5 parts per mille at its head (figs. 3-6). The salinity of the Wareham
River on Onset Bay, at the head of Buzzards Bay, ranged between 27 and 30 parts

per mille. :
DISTRIBUTION OF ASTERIAS VULGARIS

Only a few specimens of Asterias vulgaris were collected during the investiga-
tions, as one can notice from table 7, and they were found at depths between 20 and
51 feet. Not a single specimen of this species was found on oyster beds.

TaBLE 7.—Occurrence of Asterias vulgaris 1n Buzzards Bay, 1936-36

Number Number
Statlon No. Depthin|  pate | ofstar- Station No. Depthin| pape | ofstar-
caught caught
20 | Dec. 13 2 27 Xec. ii i
36 {-_-do...- 6 pr.
20 | Apr. 14 5 26 { Jan, 8 6
51 |...do. 1 26 | Apr. 23 8
40 |...do_._- 1 34 |.__do._... 1

DISTRIBUTION OF STARFISH IN NARRAGANSETT BAY

A limited number of observations on the distribution of starfish in Narragansett
Bay was made by J. J. Hellewell. Using the method employed in Buzzards
Bay two cruises were made, one between September 10 and October 23 and the
second between November 20 and December 10, 1935. During the first survey 103
stations in Narragansett Bay and 47 in Block Island Sound were visited. The
distribution of salinity indicated in fig. 8 by isohalines shows a decrease from 33
parts per mille just outside the bay to 29 parts per mille at the head of the bay. The
temperature of the water near bottom ranged from 15.3° in deeper parts to 23.8° C.
in shallow places. Two distinct concentrations of starfish were found—one in the
vicinity of Dyer Island, southeast of Prudence Island, and another around Hog Island
and Mount Hope Bridge, as indicated by the largest stars on the map. Weekly
observations made since completion of the first cruise until the end of January 1936
detected but very little change in the distribution of these two groups, although
there was a distinct difference in the size of the animals. The group near Dyer Island
comprised small starfish (mode 4.5 cm.), while those near Hog Island consisted of
much larger specimens (mode 7.4 cm.).

During the second cruise, in November-December, 80 stations were visited.
There were no significant changes in the salinity distribution and no essential changes
in the concentration of starfish were observed (fig. 9). The temperature varied be-
tween 6.8° and 11.5° C. The comparative size of starfish noticeably increased from
mode 4.5 to 7 cm. near Dyer Island and from 7.4 to 9 cm. around Hog Island and
Mount Hope Bridge. It is of interest to note that few starfish were found on oyster
beds. No starfish were found in Block Island Sound with the exception of the sta-
tions off Watch Hill Point, where few specimens were caught. The results of the
two cruises clearly indicate that starfish are entirely confined within the boundaries
of the bay.
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DISTRIBUTION OF STARFISH IN LONG ISLAND SOUND

Three surveys were made in Long Island Sound in 1935. The first extended
from May 20 to June 21, a period when the water temperature is rapidly increasing
and starfish are approaching the spawning condition; the second lasted from August
27 to September 18, when spawning activities of the animals were already completed;
and the third, begun on November 19 and ending December 19, recorded the winter
conditions. Altogether, 143 stations were visited during the surveys (fig. 10).

The distribution of starfish and their relative abundance in different areas of the
Sound, as determined on each survey, are shown in figures 11, 12, and 13 and are
summarized in table 8. The location of sampling stations is indicated in figure 10.
While s few discrepancies may be noticed, in general the distribution of starfish in the
summer and fall is very similar. The third survey, although an abbreviated one,
does not indicate any significant changes during the winter. All surveys show that
starfish are concentrated in comparatively shallow water near the shore of the western
part of the Sound, especially along the Long Island Sound side. The eastern part
of the Sound is only sparsely populated.

There were 2,735 starfish caught on the first survey, as compared with 2,051 on
the second (table 8). The greater number of starfish obtained during the first
survey was due to a single large catch at station 40. There is no other evidence that
the starfish of Long Island Sound in May—-June were more abundant than in August-
September. During the third survey the number of starfish per station showed a
considerable decrease. No explanation for this can be advanced unless it is assumed
that a heavy mortality occurred during the time elapsing between the second and
third surveys. There is, bowever, no evidence to substantiate this assumption.

TasLe 8.—Stations at which starfish were found on the first, second, and third surveys. Stations not
visited are marked (—). Depth as determined on second survey

Depth Number of survey Depth Number of survey Depth Number of survoy
. ep ep ep
Station No. | ;- Teot - . Station No. | 37 %0 ) : . Station No. | 10 ) .
2 2
146 [ 118 2 11 141 16 3 44| 141 33 =)
)| 19 g—) 17 121] 3821 40 02 1 0 -)
-) 30 =) 241 159 | 308 (~) 54 7 1 0
66 0 1 28| 147 95 (~) 56 1 0 15
17 39 7 18 [1,015 | 198 (=) 40| 39 4 0
0 14 6 18 | 136 3 11 30 15 2 5—)
72| 128 (=) 31 0| 14 (&) 51 10 0 —;
28 1 (=) 30! 82} 89 72 17 6 5| (—
17 1 9 M| 11 13 (=) 46 17 0 (—g
11] 84 -) 20 o 27 5 102 0 1 -
13 3 - 20 5| 44 1 134 2 0 -)
4| 38 - 19 6| 66 (=) 96 2 4 1
1 [ 0 19 48 10 0 72 7 6 E—-)
1 1 (-) 27 0 1 =) 235 8 0 -)
69 0 (=) 28 0] 1 -) 149 0 1 2
11 25 27 18 1 0 —-) 104 1 814 (=)
14 0 18 20 2| 19 ~) 53 0 0 2
3 0 5—) 27 6 3 (=) 88 2 0] (=)
5 0 -) 27 4 1 (-) 66 0 0 1
81 1 ) 23 1 0 4 06 5 6| (—)
50 11 §-—) 29 7 11 (=) 100 0 0 2
2 0 - 32 8 5 (—) 72 1 0| (—~
10 0 () ag 0 0 21 75 6 0| (-
0 0 2 18 13| 28 (=) 68 6 0 3
1 1 E—; 78 0 2 0 80 1 0| (=)
19 4 — 35| 60 3 4 14 1 0 =)
i 1 0 54 8 91 2 14 95 9 -)
1 9 7 78 5 0 9 16 2 0 -)

13
3
=

............................................................................................. 2,735 (2,051

Only one species of starfish, Asterias forbesi, is numerous enough in the Sound
to be a menace to the oyster industry (table 9). Two other species, A. vulgaris and
Henricia sanguinolenta, constitute less than 1 percent of the total starfish population.
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They are found largely in the eastern part of the Sound, far from the cultivated oyster
beds. At present the last two species cannot be regarded as endangering oyster beds
of Long Island Sound. The fourth species, A. tenera, reported from Long Island
Sound by Coe (1912), was not encountered in our survey.

The northern starfish (Asterias vulgaris) is said to occur as far west as the Falkner
and Thimble Islands, 27 miles farther west than our station 94 (fig. 10), where 7
specimens of this species were collected at a depth of 235 feet. Two more specimens
were found near Fishers Island (station 66) at a depth of 27 feet. All these findings
were made during the summer and not a single one was found in September or in
November—December. '

TABLE 9.—Number of slarfish of different spccies as recorded on each of 8 surveys, 1935

First Second | Third
Spocies survey | survey | survey Total
Asterias forbesi. . oo 2,711 2, 050 270 5,037
Asterdas pulgarts. . oooooemmcaecaceae [ 2 PRI I, 9
Henricia sangutnolenia ... . oooeoe . 16 1 1 17
b 17 ) 2,736 2,051 277 5,063

DISTRIBUTION IN RELATION TO DEPTH

In analyzing the distribution of starfish in relation to depth, all stations were
grouped into eight depth classes. The first five classes were arranged at 20-foot
intervals, and the last three, because of the scarcity of starfish at depths exceeding
100 feet, at 50-foot intervals. Since it was not always possible to return to the
exact spot visited on the previous survey, the same station may be included in different
depth classes shown in table 10. Often, if the bottom was steep, the soundings on
two consecutive surveys may have been taken within a very short distance of each
other and yet show quite a difference in depth. Nevertheless, the same number of
stations in each depth class were visited during the first and second surveys.

On the first survey starfish were caught at all depths from low-water mark to
250 feet, but on the last two none were recorded at a depth greater than 149 feet. In
all surveys, by far the majority of starfish were found in water less than 40 feet deep
(table 10). In a depth of 40-59 feet the number of starfish decreased, and in still
deeper water dropped to negligible quantities. In May and June the greatest density
of starfish was found at a depth of 20-39 feet, whereas in September the majority
of starfish was confined between mean low-water mark and 19 feet. On the third
survey the largest number of starfish was also recorded in water less than 40 feet deep.

TaBLE 10.— Distribulion of starfish in Long Island Sound according to depth, 1935

Averago number | Average number | Porcont of total num-

Number of Number of of starfish or 1
per per 100 square ber of starfish in each
stations starflsh station meters of bottom |  depth class
Depth range (feot,
P go (feot) Survey Survey Survey Survey Survey
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
31 31 101 7281 973 107 23.5)31.4)10.7 [ 14.3 | 10.1 6.5 26.6 47.5 38.7
31 37 13 |1,633 836 112 | 52.7 ( 22.6 | 8.6 | 32.1| 13.8 5.2 59.8 40.7 40.4
17 10 5] 206 216 361741135 7.2]10.6] 82 4.4 10.8 10.5 13.0
23 20 7 55 13 17 2.4 7 2.4 Lb .4 1.5 2.0 .8 6.1
18 18 1 3 4 0 .2 .21 0 .1 170 .1 .2 0
. 17 16 7 12 10 b 7 .0 .7 .4 .4 .4 .4 .5 1.8
150-199__. 3 2 0 0 0 o O 0 0 0 0 0 0 0 0
200249 oo 1 1 0 8 0 o 80 0 0 4.9 0 0 .3 0 0
Total. ooooonenon 130 | 141 43 12,735 (2,061 | 277 | 19.7 | 146 | 6.4 | 12.0 | 8.8 | 3.9 | 100.0| 100.0 100.0
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The density of the starfish population sharply decreases with the increase in
depths over 40 feet (fig. 14). The apparent discrepancy noticeable in the last depth-
class is due to the finding of several specimens of Asterias vulgaris counted together
with A. forbesi. The latter species was never found at depths below 149 feet.
The first two surveys agree in the respect that more than 85 percent of all starfish
were collected at depths of less than 40 feet (table 10) and less than 3 percent were
found below 60 feet. The data obtained by the third survey, although giving slightly
different numerical values, do not indicate any material changes in the distribution
of starfish.

As can be seen by records of dredging, the scarcity of starfish collected from
deep water is not due to the small number of observations at the greater depths.
Seventy-nine stations of the first survey were located at depths between 0 and 59 feet,
and the depths of the other 60 stations ranged from 60 to 249 feet. Starfish were
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FIGURE 14.—Distribution of starfish according to depth. Average number of starfish per station in each depth-class, as deterinined
on each of three surveys.

found at only 68 of the 139 stations on the first survey and at 58 of the 141 visited on
the second. Areas free of starfish were usually confined to the middle (deeper) part
of the Sound. Of the 43 stations visited on the third survey, starfish were found at
27 stations (fig. 13).

Regardless of slight changes in the distribution recorded by the three surveys,
the majority of the starfish remained throughout the period of investigation in approxi-
mately the same areas of the Sound (fig. 15). There was no marked change in the
starfish distribution and apparently no seasonal migration from shallow to deep
water, or vice versa, took place during this time (figs. 11, 12, and 13).

Starfish tend to gather where large numbers of mollusks or shells are found and
are rarely found on bottoms devoid of them. This becomes evident by comparing the
distribution of shellfish, or their shells (fig. 16), with the general distribution of star-
fish in Long Island Sound (fig. 15). As one can notice, both areas almost coincide.
During the three surveys, 4,998, or approximately 99 percent of starfish, were col-
lected at stations where shells were present, as compared with only 65 starfish found
at stations located on other types of bottom.
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Although a quantitative estimate could not be made, it was readily noticed that
shells and mollusks were scarce or less abundant in the eastern part as compared with
the western part of the Sound. The scarcity of mollusks and shells was also evident
in the middle of the Sound, which was virtually devoid of starfish. Thus the correla-
tion between the distribution of starfish and the character of the bottom appears to
be well established (Lioosanoff, 1936).

DISTRIBUTION IN RELATION TO TEMPERATURE

Because the completion of a survey required about 1 month, the temperature
of the water in the Sound underwent quite a change between the beginning and end
of each survey. Thus, for example, the lowest temperature recorded during the last
few days of the first survey, May—June, was higher than the highest temperature at
the beginning of the survey. If an average temperature for all stations visited on the
same day is calculated and compared with the temperature obtained on other days,
the gradual but nevertheless rapid change in water temperature during each survey
is quite evident. Table 11 gives such average temperatures for all stations visited
on the same day. It shows that the water temperature at the beginning and end of
each survey varied by several degrees. Therefore, it is difficult to make a comparison
of temperature conditions existing at the same time at all stations. It may be stated,
however, that the difference in bottom temperatures of shallow and deep stations
visited on the same day seldom exceeded 2.0° C. At certain seasons this difference
was even smaller. This is shown in table 12 which gives the bottom water tempera-
tures recorded on the same day at stations 25, 87, 124, 121, 101, and 57 which extended

. across the Sound in an almost direct line from one shore to the other (fig. 10).

TaBLE 11.—Average temperature for all the stalions visited

Tempera- Tempera- Tempera-
Survey Date | yare© C. Date | Lires G, Date tureg C.
May 20 8.3 || June § 11.5 || June 13 12,2
May 21 9.9 || June 6 13.5 || June 17 14.2
May 22 9.1|| June 7 13.0 |} June 18 14.4
May 23 9.5 || June 10 14.5 |{ June 19 13.9
May 24 9.6 || June 11 14.0 {| June 20 13.6
May 29 9.8 || June 12 14.8 || June 21 13.7
Aug. 27 21.2 || Sept. 3 20.9 || Sept. 11 10.3
Aug. 28 22,1 | Sept. & 20.8 |{ Sept. 12 20.4
Aug. 29 21.4 (| Sept. ¢ 18.8 {| Sept. 13 19.4
Aug. 30 20,0 || Sept. 10 18.8 {| Sept. 17 10.8
Sept. 18 19.7
ThIrd e mmmem Nov. 19 10.8 || Dec. 4 9.8 || Dec. 16 6.7
[ Nov. 21 10,7 || Dee. 6 8.2 || Deoc. 18 5.8
Dec. 7 7.2

TaBLE 12.— Bottom water temperature and salinity recorded at the stalions extending across
Long Island Sound
[Date of first survey, June 18; second survey, Sept. 11; third survey, Dec. 18, 1935}

Temperature, °C Salinity
Third survey
; Depth Survey Survey
Station No. in foot
: Depth {Tempera-
1 P} 1 2 StationNo. in feot |ture, ® C. Salinity
Parts per | Parts per Parts per
mille mille mille
22 14.4 19.6 28.42 28. 43 16 5.4 28.35
75 14,1 10.3 |occeaceen 20. 34 47 6.0 28.04
75 14.4 198 Joccuanonan- 28. 93 107 6.8 28.84
70 14.3 19.7 20.07 28,93 71 6.2 28. 53
66 14.2 20.1 28. 80 28.96 23 5.4 28, 42
45 14.6 215 27. 656 28,10
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Since the general distribution of starfish throughout the period of observation
remained virtually the same, one may conclude that the seasonal warming or cooling
of the water of shallow areas fails to influence the migration. Therefore, Verrill’s
assumption (1914) that each fall starfish migrate and remain in the regions of the
Sound where the water is warmer is not sustained by present observations.

DISTRIBUTION IN RELATION TO SALINITY

A general idea of the distribution of salinity at the bottom of Long Island Sound
may be obtained from fig. 10, which represents the results of observations made in
August-September 1935.

The concentration of salt in the water gradually increases from 26 parts per mille
at the western end to 32 parts per mille at the eastern extremity of the Sound. Itis
somewhat lower at the mouths of the rivers. In May—June 1935, the salinity ranged
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FIGURE 17.—Porcent of starfish of different sizes among the animals caught on thes ccond and third surveys on Long Island Sound.

from 25 to 30 parts per mille, with at least two-thirds of the Sound having a salinity
between 26 and 27. In general, the salinity of the water of Long Island Sound was
lowest in the spring, increased in the summer, and reached its maximum in late fall.
Seasonal variations at each given point in the Sound were rather small, ranging from
about 1 to 2 parts per mille during the year’s cycle.

The salinity of the water in the middle of the Sound was usually slightly greater
than inshore. This is illustrated in table 12, which shows the difference of bottom
salinity as recorded at stations located approximately 3 miles apart extending across
Long Island Sound. The difference along the hydrographic profile seldom exceeded
1 part per mille. Present observations show that within the range observed in Long
Island Sound starfish distribution is not controlled by salinity.
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SIZE OF STARFISH

All starfish caught during the first survey were roughly classified into three size
groups: Large animals, over 12.5 cm. in diameter; medium-sized, ranging from 5.0 to
12.4 cm.; and small, less than 5.0 cm. in diameter. All animals collected during the
second and third surveys were measured between the tips of the two longest rays.
Small starfish, less than 1.5 cm., were not included in the table, for only very few of
them were collected by dredging. The results shown in fig. 17 indicate that starfish
of 5.0 to 8.0 cm. in diameter were predominant. The percentage of the three size
groups of starfish caught during each survey is given in table 13.

TaBLE 13.—Percent of starfish tn each of the 8 size groups

Survey

8ize group
1 2 3

Percent Percent Percent
Large, 12.5 cm. and 0Verac.cooe oo ool 12.3 11,4 10.9
Medium, 5.0t0 124 em oo oo 70.9 68.9 68.1
Small, less than 5.0 €M - c oo ooemamneoo 16.8 19.7 21.0

DISTRIBUTION OF STARFISH IN CHESAPEAKE BAY

A survey of the distribution of starfish in the lower Chesapeake Bay was con-
ducted by Loosanoff and Engle in March 1937. Observations were made at 46
- stations, the locations of which are shown in figure 18. Starfish were found to be
confined south of a line extending across the bay from a point 4 miles below New
Point Comfort (Hampton Roads) on the Western Shore, to the city of Cape Charles
on the Eastern Shore. Their distribution was not uniform (fig. 19). A very dense
population was encountered near York Spit Light (stations 17A and 18) and north-
east of Back River (station 22). Other areas of heavy infestation were at and near
stations 25, 26, 30, and 40. Scattered specimens were found in many other places
in the southern part of the bay. Stations 1 to 10, at the mouth of York River and
Mobjack Bay, as well as stations 11 to 17, located along the Western Shore of the
bay north of New Point Comfort, were free of starfish.

TasLe 14.—Depth, bottom temé)erature, salinity. and number of starfish found at each station in lower
'hesapeake Bay, March 19-26, 1937

N Depth Bottom Saltnity, N}ugber Statlon N Depth tBot.i:om Salitnity, Nfuu%ber
Station No, tempera- | parts per | of star- ation No, empera- | parts per | of star-
fnfeet | {OTPSE" | PEORE fish Infeet | ¢yrec0. | mille | fsh
38 5.4 17. 65 0 26 6.1 26. 42 121
-- 13 5.5 17. 56 0 18 7.2 18.68 0
-- 15 5.6 18.55 0 21 7.4 18. 50 0
- 20 5.8 18,35 0 16 7.4 18.05 66
- 17 5.5 16.89 0 17 7.3 18.69 81
- 26 5.0 16.85 0 17 7.8 19. 22 1
. 16 8.7 16,92 0 36 7.2 19.79 0
19 5.6 16.92 0 25 7.4 19.76 0
33 5.4 19. 38 0 22 6.6 25.14 81
25 5.2 | eeeceeee 0 19 6.4 27.16 5
30 5.9 16.46 0 32 6.7 28.03 10
28 8.3 16.22 0 37 6.6 27.83 13
25 6.1 18. 66 0 32 6.6 25.01 11
27 6.1 18.44 0 18 7.0 23.96 6
20 6.1 17.86 0 21 7.2 26, 49 17
17 6.7 17.12 0 18 7.9 7.83 7
30 6.3 19.61 0 17 8.0 29. 22 0
32 6.3 19.05 86 27 8.1 28.31 5
25 6.2 19.11 136 14 7.9 22,85 58
30 6.1 20. 63 I 73 7.9 26.40 24
16 6.4 19.13 0 37 7.0 24.04 1
35 6.1 18.37 8 36 6.7 23.82
20 6.8 18. 86 0 30 6.9 24. 51 18

148340-—~89—05
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F1GURE 18,—Location of stations visited during the survey of Chesapeake Bay, and bottom-water salinity at cach station, Large
figures indicate station number and small figures indicate salinity, March 1937.
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During the time of the survey, starfish at stations 174, 18, and 22 were so abun-
dant that the dredges were filled to their capacity after several feet of dredging. The
taking of a quantitative sample was therefore impossible. An idea of the great abun-
dance in this locality was obtained by examining the dredge contents of crabbing boats
working in that area. - According to captains of the boats, each vessel caught as many
as 750 to 1,000 bushels of starfish daily (fig. 21). Each time the dredges were lowered
to the bottom they came up, after 2 or 3 minutes of dredging, filled with starfish.

LEGEND

NUMBER OF STARFISH PER STA
* -4

S 15-49
- so-ss

* 100-199

NAUTICAL MILES

123456789

FIGURE 19.~Distribution of starfish in Chesapeake Bay in March 1937,

Studies of the bottom samples showed that the distribution of starfish in the lower
Chesapeake Bay was somewhat dependent upon the presence of food. As a rule,
starfish were numerous in the areas where there was an abundance of small clams,
Mulinia lateralis, and few were encountered on bottoms devoid of mollusks.

Starfish of the lower Chesapeake Bay were found living in water having a salinity
ranging from 18.37 to 28.31 parts per mille (table 14). No definite correlation be-
tween salinity and distribution of starfish could be observed, although very large
concentrations of starfish occurred in the area where the salinity was only about 19
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parts per mille (stations 17A and 18). Equally large groups were noted at stations 22
and 30, where the salinity was 26.42 and 25.14 parts per mille, respectively.

During the spring of 1938 a large number of starfish were again noticed in the
area from the York Spit Light to Wolf Trap and in the deeper waters below York
Spit. Two starfish boats, working for a commercial concern manufacturing fertilizer,
were handling from 400 to 500 bushels of starfish per boat per day during February.
The salinity of the water tested at the last of ebb tide on February 2, 1938, at York
Spit Light was 20.70 parts per mille, and the water temperature was 3.7° C. The
next month no starfish were found by the Bureau’s research boat in the vicinity of
York Spit. Commercial fishing was still continued near Wolf Trap Light, but the
catches were small and the fishermen planned to suspend operations within the next
few days. On March 19, the salinity of the water in the area of York Spit Light,
determined at the last of flood tide, was 18.73 parts per mille and the water tempera-
ture rose to 10° C.

The greatest catch in 1938 was 500 bushels of starfish per boat per day, as com-
pared with 750 bushels in 1937. The average catch during the spring of 1938 was
about 300 bushels per boat per day. As in the previous year, only a few starfish
were found on oyster bottoms in the bay and its tributaries.

Laboratory experiments carried out at Milford show that starfish become sluggish,
refuse to eat, and eventually die in a salinity between 16 and 18 parts per mille.
Evidently their absence from the areas at the mouth of the York River, in Mobjack
Bay, and north of New Point Comfort is due to unfavorable salinity which constitutes
an effective natural protection of the valuable oyster bottoms in these waters.

As far as can be ascertained, oyster bottoms in the Chesapeake Bay are not
attacked by starfish and no attempts are made, therefore, to control them in this

body of water.
REPRODUCTION

The sexes of starfish are separate. Since externally all the animals look alike,
their sex can be ascertained only by microscopic examination of the gonads.

According to observations on starfish kept in experimental tanks at the Milford
Laboratory, young animals are able to breed when only 1 year old, provided the
first year of life was spent under favorable environmental conditions. This conclusion
is based upon the observation of growth and sexual development of several hundred
starfish spat kept over a period of 1 year in aquaria and in outdoor tanks.

Food supply is a very important factor in the growth and sexual development,
since, as will be shown later (p. 112), young individuals given small quantities of food
failed to mature at the end of their first year.

The starfish are very prolific breeders, a mature female having in each of its rays
paired sexual glands containing thousands of eggs. The number of eggs depends, of
course, upon the size of the animal (Coe, 1912).

SPAWNING

In the process of spawning the starfish assumes a characteristic arched position
with the center of its body elevated, only the tips of the rays touching the bottom.
The sexual products are discharged from the paired genital openings at the base of
each ray. If the water around the animal is quiet the eggs usually sink to the bottom.
Since both sexes spawn simultaneously, fertilization takes place at once.

The number of gonads engaged in the spawning of a single individual may vary.
Sometimes ovulation or ejaculation was noticed in only two of them while the other
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IMrGuRre 20--"Typical starfish boat, operating in Long Island Sound, equipped with mops,

fo-

FiGure 21.—Starfish caught in 4 hours by a boat crabbing in the vicinity of station 17-A.
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FIGURE 22.—Larvae of Asterias forbesi photographed alive, magnification X 120. A, Larva 24 hours after fertilization; 13, bipin-
naria, 3 days old; C, brachiolaria, 3 weeks old.

FiGure 23.—Starfish, 1 day old, X 25.
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three remained passive. Such partial spawning could be correlated with the unequal
state of ripeness of gonads in different rays. That the same individual may spawn
several times during the summer has been observed in two animals, male and female,
which discharged spawn four times between June 2 and July 3, 1938.

Ripe animals can be induced to spawn by raising the temperature of the water
to about 20° C. This has been established by laboratory experiments carried out
early in the season and during the summer. On May 25, 1935, six starfish were
brought from Long Island Sound, where the water temperature was 9.5° C., and placed
in aquaria. After the temperature was gradually raised to 20.0° C., four animals
spawned. As the season progressed, starfish were found to be even more responsive
to this stimulus and easily spawned in the laboratory when placed in water 2 or 3
degrees warmer than that of the Sound. However, in almost every case, there were
specimens which failed to respond even to a temperature of 25.0° C. That tempera-
ture is probably not the only factor influencing spawning is indicated by the results
of the experiments performed at Milford during the summers of 1936 and 1937 when
spawning was observed to take place at 15°-16° C.

Ripe starfish will spawn independently of the presence or absence of individuals
of the same or opposite sexes. If the animal did not respond to temperature stimula-
tion in a reasonable length of time, spawning could not be induced by other means.
Attempts to induce spawning of such individuals by addition of sperm or eggs always
failed.

Field observations conducted in Long Island Sound in 1936 and 1937 showed that
starfish commenced to spawn in June, within a few days after the water temperature

- reached 15.0° C. The time of spawning was estimated by examining the state of the
gonads, by determining the age of a few starfish larvae found in plankton samples,
and by ascertaining the beginning of the setting period. Mead (1901), working on
Asterias forbesi at Kickemuit River, R. 1., observed that the height of the spawning
period of starfish in that locality occurred between June 4 and 16 and was completed
by the end of the month. Agassiz (1877), on the other hand, states that A. forbesi
of northern waters spawns during the last part of July. In Long Island Sound,
however, the spawning of starfish in 1936 and in 1937 continued from June until
the end of August.

Soon after the completion of spawning gonads of starfish undergo the process
of resorption, which is especially pronounced during late August and September. In
October resorption is completed in most cases and development of new sex cells
commences. The newly formed young gonads are at that time very small in size.
During November and December the growth of gonads is very rapid, and by January
to March many starfish possess gonads of full or nearly full size. However, the
fullness of gonads does not indicate that sex cells are morphologically and physio-
logically mature, and winter and spring eggs are, as a rule, not capable of fertilization.
The fully ripe condition develops during the early spring and summer.

SETTING OF LARVAE

Fertilized starfish eggs develop into free-swimming transparent larvae which
float in the water. Three consecutive stages in their complex development are shown
in fig. 22, representing photomicrographs taken with equal magnification from the
live specimens reared in the Woods Hole laboratory. The larvae deprived of shell
or any tough coverings are very delicate.3 Their food consists of minute algae and
other microscopic forms found in plankton.
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At the end of the free-swimming period, which lasts from 3 to 4 weeks, depending
upon the temperature of the water and the abundance of food (Coe, 1912), the starfish
larva undergoes metamorphosis and sets on some object at the bottom. The newly
formed young starfish, orange-red in color, is about 1 mm. in diameter (fig. 22).
Soon after setting it begins to feed upon various minute animals, such as very young
snails, small clams, recently set oysters, and larvae of marine worms.

In the summer of 1937 systematic observations on the setting of larvae were
carried out by Loosanoff in Long Island Sound. The method employed consisted
in placing at different depths wire bag collectors filled with oystershells and examining
them every third or fourth day. All bags were of the same dimensions and contained
an equal number of shells of approximately equal size. They were placed off Stratford
Point at depths of 0, 5, 10, 20, 30, 40, 50, and 70 feet at mean low water. Each time
a bag was removed for examination another was set in its place. Recovered bags
were brought to the laboratory in a moist condition, the shells were examined for newly
set starfish, and the number of starfish on 20 shells taken at random from each bag
was counted. Complete records of these observations calculated on the basis of 100

shells are given in table 15.

TaBLE 15.—Starfish set per 100 skells, semiweekly examinations at Stratford Point stations, July 2 to
October 4, 1937

Station| Station| Station| Station| Station| Station| Station| Station| Station| 10U | Aver-
No.1 | No.2 | No.3 { No.4 { No.65 | No.6 | No.7 | No.8 | No.9 sta. | BEeper
(0 feet) | (6 feet) [(10 feat)|(20 fect)|(30 feat)| (40 feet)| (50 feet)| (60 feet) (70 feot) ton station
0 0 0 0 0 ] 0 0 0 0
156 45 45 25 16 10 [ (S . 155 22,14
50 45 35 216 (i1} P21 Y 0 0 430 53.75
15 35 45 90 45 40 30 20 0 320 36,56
10 5 85 35 0 ] 15 0 10 145 16,11
120 75 80 45 15 35 b 0 0 376 41. 66
200 205 465 125 [0 20 P 10 0 0| 1,166 | 144.26
10 66 105 30 10 0 5 10 15 0 27.77
10 56 95 40 10 5 10 5 20 25 27.77
255 275 355 375 50 140 20 10 20 | 1,500 | 166.68
80 190 i 2 50 20 & 0 0 4 61,26
70 60 50 ... 70 66 10 [} 0 325 40.63
10 30 45 20 0 (1} 0 0 0 105 11.66
10 30 45 25 15 156 0 0 145 16.11
20 25 80 116 65 100 136 20 0 570 63,33
0 10 30 85 56 216 45 76 45 560 6. 22
17 . 5 20 0 50 10 20 0 110 13.75
5 ] 5 10 b 70 0 0 0 100 1111
0 0 156 30 15 8 I 0 [ —— 50 7.16
0 0 0 [ P 0 0 0 ] 5 .63
0 0 0 {1 D 5 5 10 5 25 3.13
0 0 0 {1 PR 0 5 5 0 10 1,26
0 0 0 0 0 0 5 5 b 15 1,66
0 1] 0 0 0 0 10 0 5 15 1,66
0 0 0 0 0 4] [ [ 0 0 1}
0 0 0 0 1] 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
885 1,245 1,710 1,285 545 795 330 180 130 | 7,105 fomeeo-

Setting of starfish occurred at all depths ranging from mean low water to 70 feet
(fig. 24) continuing from about July 2 until September 23 (fig. 25). In shallow water,
at a depth not exceeding 50 feet, the setting began and ended from 10 to 21 days
earlier than at deoper stations. At three stations (0-10 feet) the heaviest setting
occurred in the middle of the season. There were two distinct peaks, one around
July 22 and the other around August 3. At stations 20 and 30 feet deep the intensity
of setting was rather irregular, showing several peaks during the season. At deeper
stations the peak of setting occurred toward the end of August. The starfish set at all
depths from 0 to 70 feet, with the maximum at 10 feet (fig. 24).
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At the beginning of the setting season the bottom-water temperatures ranged
from 15.1° to 16.4° C. (table 10). The first set at 50 feet and below was recorded at
the temperature of 15.6° C. Two heavy periods of setting recorded at shallow stations
on and around July 22 and August 3 coincided with a sharp increase in water tempera-
ture. The heaviest setting at the three deepest stations also occurred when the
water rose rapidly. However, a raise in temperature is not always followed by a
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F16urE 24.—Total number of starfish sot per 100 shells at eaeih olg g_lstations established at different depths of Stratford Point area
n .

wave of heavy setting, Thus, for example, between July 12 and 15 the water tem-
perature at deep-water station No. 8 rose from 15.9° to 19.9° C., but no setting
occurred near that date.

The changes in water salinity in the areas of setting showed a slow increase
throughout the summer (table 17). With the exception of two short periods on
July 15 and August 12, when the sea water at shallow stations was diluted with large
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quantities of rain water brought down by the Housatonic River, the salinity at shallow
and deep stations seldom differed from each other by more than 2 parts per mille.
Evidently the small difference in the salinity cannot be regarded as an important
factor responsible for the much heavier setting in shallow areas. No correlation be-
tween changes in salinity and intensity of setting could be found at either shallow- or
deep-water stations.
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FIGURE 25.—Daily number of starfish set per 100 shells for all stations of Stratford Point area. July 2-Sept. 24, 1037,

TABLE 16.—Semiweekly bottom-water temperature recorded at 8 stations of Straiford Point series
during the period from July 2-Ocl. 4, 1937

Station No. 3 | Station No. 6 | Station No.8
Date 1937 (0 1t.) (0 1t) (601¢.)
e, °g, o,
16.4 16.1 id.0
1.5 15.7 16.8
21.4 18.1 15.9
2.4 19.9 19,9
20.1 16.9 16.6
21,9 18,9 16.8
10.6 17.3 17.5
18.6 18.4 18,8
22.8 21. 6 18.8
20.8 18.9 18.9
22,7 20.9 19.5
22,8 20,0 22,0
21.3 20.6 20.6
2.1 21,5 21.3
215 2.0 220
21,9 22,0 21.6
20,9 22,6 215
23.8 2.0 2.5
22.0 21.8 21.6
214 21,4 21.6
18.7 10.9 20,9
20,9 20.7 210
10.4 20.0 20.3
19.7 19.5 10.7
Bept. 27 - 18.8 19.2 19.5
Sopt. 30, 183 18.1 18.7
Oct. 4 7 17.9 18.3

It appeared from field observations that heavy sets of young starfish occur on or
near the areas inhabited by large numbers of adult animals. To verify this conclusion
the density of the adult starfish population at each of the eight setting stations was
determined in August 1937. At station No. 1, located at mean low-water mark, no
sample was taken because the rocky bottom did not permit dredging. At other
stations the usual methods of collection were employed. The data presented in figure
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TaBLn 17.—Bottom-water salinily recorded at 8 stations of Straiford Poini series during the period
Srom July 2-Sept. 30, 1937

Station No. 3 | Station No. 5 | Station No. 8

Dato 1637 (o1t Go1t.) (0 1t.)
Puarts per Paris per Parts per

mille. mille. mille.
JUly 2 26. 29 26. 67 27.12
July 8 e 26. 64 25.79 27.07
July 15, - —— 22.41 26,18 25. 79
July 22 25, 90 26. 49 27.09
July 29 26. 60 26.74 27. 56
N R 27,12 27.47 27.70
Aug. 12 25, 95 27.61 27.90
Aug.19_. - - R 27.09 27.63 27.97
Aug. 26 27. 54 27.61 27.81
SePt. 2 e 27,43 27,09 28,13
13 0] A0 27.77 27,567 28.28
Sept. 16.. — - aen 27.54 27.81 28. 46
et 23 e 27. 56 27,567 28.40
Sept. 30, e 27.77 27. 54 28.04

26 show a striking correlation between the density of the adult population and the
intensity of setting. Hence a conclusion can be drawn that the majority of larvae
develop and reach the setting stage near the place where the eggs were discharged.
This accounts for an uneven distribution of young starfish in the Sound.

OBSERVATIONS OF STARFISH LARVAE IN BUZZARDS BAY

Two sets of observations were carried out during the summer of 1935 to detormine
“the time of starfish spawning in Buzzards Bay. Adult starfish were examined for the
condition of their gonads, and the presence of larvae in the water was ascertained by
collecting plankton samples on alternate days. For the latter purpose a No. 20
plankton net, 1 foot in diameter, was towed at various levels for periods lasting from
10 to 30 minutes. Plankton samples were collected at stations Nos. 50 and 48 and in
the areas off Scraggy Neck, Marion Harbor, Nasketucket Bay, New Bedford section,
Cleveland Ledge, North Falmouth, Woods Hole, and Kettle Cove. As early as the
second week in June it was noticed that the majority of starfish caught by the Bureau
of Fisheries hoats, and those collected by the Marine Biological Laboratory at Woods
Hole, had gonads completely spent. Some of the starfish, however, still had full
gonads. On July 30 and August 1, large starfish kept in the live car at the Fisheries
Laboratory had partly full gonads and two females were quite ripe. The results of
plankton sampling were rather disappointing, for only a few starfish larvae (brachio-
lariae) were found at stations 50 and 48 during the week of July 10 and none were
observed after July 17. Inquiry was also made at the Woods Hole Oceanographic
Institution regarding the presence of starfish larvae in the waters of Vineyard Sound.
Although plankton was collected by this institution twice every week throughout the
summer, using a No. 20, %-meter net, only one brachiolaria was found, and that in the
sample taken early in August off Tarpaulin Cove.

The almost complete absence of starfish larvae in plankton samples does not
permit any conclusions to be drawn regarding the time of spawning in 1935. How-
ever, examination of the gonads of the adult starfish indicated that general spawning
must have occurred early in June and continued until the end of the month. This
conclusion is in accord with previous observations made by L. Palmer and P. S.
Galtsoff in 1932. In this year starfish larvae, in the various stages of their develop-
ment, were abundant in plankton samples taken from May 14 to July 1, indicating
that spawning continued during this period of time. Judging by the presence of large
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numbers of bipinnariae, there were two periods of general spawning in 1932—first,
between May 14 and 20, and second, from June 4 to 11. Light spawning continued
in July and possibly in August. About the first week of July 1932 certain sections
of the bay were heavily infested, with very small starfish covering shells and rocks
along the shoreline. As many as 40 small starfish could be found at that time on
every medium-sized oystershell.

It was observed that this abundant starfish set in Buzzards Bay greatly decreased
within 1 month after setting. In places where as many as 40 starfish were found on
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FIGURE 26.—Number of adult starfish per unit of area recorded in August 1937, at each of 8 stations established at different depths of
Stratford Point area, and the total season’s set of starfish per 100 oyster shells at corresponding stations, 1937,
each oyster shell, only 2 or 3 remained. Observations in the laboratory indicated
great cannibalism among the young starfish which may account for the sudden

disappearance of large numbers of the small animals.

In the summer of 1935 no small starfish were found in the bay in spite of a care-
ful search on rocks, shells, and among seaweed. Furthermore, no newly set starfish
were found in the chickenwire bags filled with clean shells and ‘set in shallow water at
stations Nos. 50 and 48 near Woods Hole. These collectors were examined at regular
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intervals and each time replaced by fresh ones, Small starfish from 2.0 to 3.9 cm.
in diameter were caught, however, between August 6 and 29 in the oyster-drill traps.
Fairly abundant set was found in Waquoit Bay, on the Marthas Vineyard side of the
cape.

GROWTH OF STARFISH

For a study of growth, young starfish ranging from 0.5 to 1.0 cm. in diameter
were collected in Long Island Sound in August 1936 and placed in large concrete
tanks. In one of the tanks a large quantity of food was always available, whereas,
in the second tank, the supply was very limited.” By the middle of October many
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Fraurs 27.—Growth of starfish of 4 different size-groups subjected to maximum feeding (solid lines), and to scmistarvation diet
(dotted lines). Oect. 13, 1936-Feb. 25, 1037.

starfish of the first tank attained the size of 8.0 cm., while the largest animals of

the second tank were only 3.0 em. in diameter.

A more detailed study of the growth of starfish of different sizes subjected to
maximum feeding or to semistarvation diet was performed by Loosanoff under
laboratory conditions. On October 13, 1936, 48 starfish of 4 different sizes were
brought from the outdoor tanks and placed in laboratory aquaria. The size of all
animals of group 1 was 2.5 cm.; group 2, 4.0 cm.; group 3, 6.0 cm.; and group 4, 11.0
cm. All the animals, except those of group 4, were known to be of 1936 set. Star-
fish of every size group were divided into two subgroups, each consisting of 6 animals.
The animals of one subgroup of each size were given all the food they could consume,
while the second subgroup was allowed to feed 1 day per week only. Except for the
difference in the quantity of food available, all experimental animals were kept under
identical conditions. The temperature of the water during the experiments, which
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extended from October 13, 1936, until February 25, 1937, fluctuated between 17.0°
and 20.0° C.

All starfish used in the experiment were measured and the average size for each
subgroup determined at frequent intervals. Well-fed starfish outgrew those kept on
semistarvation diet (fig. 27). Experiments showed that well-fed young animals, set
in July, may reach the size of adult individuals before the onset of winter. Poorly
fed starfish, on the other hand, grew but little, or even decreased in size.

The growth of well-fed starfish of different sizes proceeded at different rates.
Animals of the 2.5-cm. group, at the end of 4% months, grew to 7.8 cm., thus showing
an increase of 4.8 cm., or 172 percent, over the original size. Groups 2, 3, and 4 at
the end of the same period showed an increase of 125, 78.3, and 30 percent, respectively.
In the case of the semistarved animals the increase in size at the end of the experiment
was hardly noticeable.

The rate of growth of young starfish is of interest because, to a certain extent,
it determines their sexual maturity. Young starfish which grew rapidly and reached
6-7 cm. in diameter, were found to be sexually mature by the end of the first year,
whereas small, slowly growing animals did not become sexually mature until they were
2 years old.

It is of interest to note that starfish subjected to semistarvation actually decreased
in size during the first part of the experiment (fig. 27). Such shrinkages were observed
in each size group.

Results of the Milford experiments are in agreement with those of Mead (1901),
who also found that by varying the amount of the food supply amazing differences
in the size of two starfish of the same age could be produced.

LOCOMOTION AND MIGRATION

All starfish crawl on the bottom by means of so-called tube-feet, special organs
of locomotion situated in deep grooves on the oral surface of each ray. In Asterias for-
besi the tube-feet are arranged in four rows extending from the mouth of the animal
to the tip of each ray. Movement of the animal’s body results from the coordination
of the tube-feet of one or several rays. All the tube-feet may be extended in the same
direction, backwards or forwards, right or left. When ascending the perpendicular
side of a tank or stone, the discs of the tube-feet adhere to these objects and the tube-
feet themselves contract, thus moving the body of the starfish to the point of adhesion.
The adhesion of a tube-foot is partly due to suction and partly to the secretion of
mucus (Smith, 1937). Their great number enables the starfish to crawl with equal
ease over the soft muddy bottom or smooth hard surfaces. dJennings (1901) has shown
that in locomotion on horizontal surfaces the tube-fect act as levers for swinging
or shoving the body of the starfish forward. They do not pull, but, on the contrary,
they slightly push backward. The walking of the starfish is therefore mechanically
similar to that of higher animals, the suckers merely serving as a means of attachment.

The movements of starfish are quite slow. In a tank the average rate of progress
was from 3 to 6 inches per minute. In some cases, however, much more rapid move-
ment was observed. Tor example, on one occasion a starfish traveling on a straight
line covered a distance of exactly 1 foot in 52 seconds. Another traveled a distance
of 10 feet in 14 minutes. Such a rapid rate of movement is seldom maintained for
any length of time. Ordinarily the starfish moves a few inches at a time and then
remains still. Usually the movement is not in one direction but along an irregular
path.
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Starfish locomotion is either considerably retarded or entirely stopped in the
winter. A series of experiments on the effect of low temperature upon their movements
was performed at Milford during the winter of 1936-87. Each experiment consisted
in keeping six individually marked starfish in a large outdoor tank and recording their
positions at regular intervals. The temperature of the water was taken at each
observation. Food, consisting of small oysters and soft-shell clams or mussels, was
always present. In one experiment, continued from December 29, 1936, until January
9, 1937, a period of 11 days, none of the six experimental animals moved away from the
point where they had been placed at the beginning of the experiment. The
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Figure 28.—Location and depth of 20 stations established for observations of movements of starfish population in Milford Harbor-
Stratford Point arca. Upper figures indicate station numbers, figures in brackets indieate dopth in foet.

temperature during this time ranged from 2.8° to 4.5° C. In another experiment,
extending from February 1 until February 19, 1937, the temperature of the water
varied from 0.0° to 2.2° C. During this time only one animal moved a few feet.
Five other animals remained inactive. At the close of this experiment all the animals
were taken to the laboratory and placed in an aquarium filled with water from the
experimental tanlk in which they were previously kept. After several hours the water
in the aquarium warmed up and the starfish began to move about. Evidently the
animals were healthy and normal. Their inactivity in the outside experimental tank
can only be attributed to the cold water.
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Many similar experiments with freshly caught starfish were conducted in the
outside tanks at temperatures ranging from —0.5° to 6.0° C. In the majority of
cases the animals neither moved nor fed. In a few instances, however, several of the
experimental animals did move or were found upon the food even when the temperature
was near the zero mark. Apparently, in the case of starfish as in many other marine
invertebrates, physiological differences in individuals may be of considerable magnitude.

There is a prevailing opinion among oystermen that in Long Island Sound
masses of starfish migrate early in the summer to shallow waters to spawn and return
to deeper waters in the fall. Verrill (1914) was of the same opinion but Mead (1901)
and Coe (1912) opposed it. The data obtained by present field observations covering
the entire Long Island Sound and Buzzards Bay indicate that the relative density of
the starfish population at different depths remains virtually the same throughout the